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Sect ion  1 

INTRODUCTION 

I 

I 

1.1 PURPOSE 

The purpose o f  t h i s  volume i s  t o  present  a sof tware development 
p lan  for  the  d e f i n i t i o n ,  design and implementat ion o f  the Space S t a t i o n  ( S S )  
Payload Miss ion Planning System (MPS). 

p e r i o d i c a l l y  as the SS design and opera t ions  concepts as w e l l  as the SS MPS 
concept evolve.  

This p lan  I s  an evo lv ing  document and must be updated 

1.2 SCOPE 

The major segments of  t h i s  p lan  a re  as follows: 

Sec t ion  2, P r o j e c t  Technical  Desc r ip t i on .  Inc ludes  an overview 
of  the  SS MPS and a d e s c r i p t i o n  o f  i t s  requ i red  c a p a b i l i t i e s  
i n c l u d i n g  the  computer programs i d e n t i f i e d  as con f igu rab le  i t e m s  
w i t h  an exp lanat ion  o f  the  p lace  and f u n c t i o n  o f  each w i t h i n  
the  system. 

Sec t ion  3, P r o j e c t  A c t i v i t i e s .  Presents an overview o f  the 
p r o j e c t  p lan  and a d e t a i l e d  d e s c r i p t i o n  o f  each development 
p r o j e c t  a c t i v i t y  break ing each i n t o  lower l e v e l  tasks where 
app l i cab le .  

Sec t ion  4, Development Schedules and Manpower Requirements. 
I d e n t i f i e s  the resources requ i red  and recommendations for  the 
manner i n  which they should be u t i l i z e d  i n c l u d i n g  recommended 
schedules and est imated manpower requirements.  

Sec t ion  5, Software Development Procedures. Describes the 
p r a c t i c e s ,  standards and techniques recommended for SS MPS 
Software (SW) development. 

1 - 1  
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Section 2 

PROJECT TECHNICAL DESCRIPTION 

The SS Payload Mission Planning System (MPS) is a computer-based 
system that aids SS users and mission planning personnel in developing payload 
on-orbit operations plans and schedules. The MPS is a modularized system that 
encompasses planning functions from initial user operations requirements 
definition to generation of executable plans and real-time replanning. 
MPS SW functional requirements are derived from the SS MPS Functional Flow 
Concept presented and discussed in Volume I1 of this report. 
SS payloads t o  be scheduled include all payload operations included within or 
attached t o  the SS manned base. 

A considerable portion of the SW to be utilized in the SS MPS 
was previously developed and utilized in the Spacelab (SL) Payload Mission 
Integration Planning System (MIPS) for preflight planning and real-time 
replanning for Spacelab payloads. 
between the SS MPS and the SL MIPS, it was determined t o  be more cost 
effective to modify the SW corresponding t o  these functions for use in the SS 
MPS than t o  generate totally new SW. 

The 

The scope of the 

Because of the similarlty in some functions 

I 

A hierarchical depiction of the computer programs included in 
the SS MPS is presented in Figure 2-1. For the purposes of this plan it is 
assumed that each of the computer programs identified on this figure are 
classified as configurable items. The exception to this is the "Data Flow" 
block which in reality will encompass various interrelated data flow analysis 
and planning computer programs. The actual functional breakdown of the SS 
data communications system is presently inadequate for the purposes of 
function a1 location to computer programs. 

The decision t o  develop the SS MPS in the architecture described 
-- loosely coupled, interrelated computer programs -- evolved based on several 
factors : 

( 1 )  The present architecture of the SL MIPS. 
( 2 )  The number and complexity of planning interfaces. 
( 3 )  The ability to clearly partition functions into loosely 

related modules. 
( 4 )  The desire for a structured modularized system that will 

present the maximum benefits in overall system flexibility, 
ability to evolvelexpand and system maintenance and 
configuration control. 

A number of the SW modules identified in Figure 2-1 are 
annotated as Artificial Intelligence (AI) candidates. A description of the AI 
techniques to be utilized in these computer programs is included in the 
functional descriptions of the individual programs. Additional depth on the 
AI considerations is included in Volume I1 of  this report. 

A functional description of each of the computer programs identified in Figure 
2-1 and included in the S S  MPS is presented i n  Appendix A of this volume. 

L- I 
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Sect ion  3 

PROJECT A C T I V I T I E S  

3.1 OVERVIEW 

3.1.1 Major A c t i v i t i e s  and Formal R e v i e w s  

The major a c t i v i  
be d i v i d e d  i n t o  two groups: ( 
and ( 2 )  those performed a t  the 

Most major a c t i v  
l e v e l  a c t i v i t i e s  (and the  resu  

i e s  o f  sof tware development fo r  the  SS MPS can 
1 those performed a t  the  SS MPS system l e v e l  
SW computer program (con f igu rab le  i tem) l e v e l .  

t i e s  cu lminate i n  a formal  rev iew.  System 
t i n g  formal  reviews) Inc lude:  

(1) 

( 2 )  System Level S imulat ions (System Performance Review) 

System Requirements D e f i n i t i o n I D e s i g n  (System S p e c i f i c a t i o n  
Review) 

Software computer program l e v e l  a c t i v i t i e s  (and r e s u l t i n g  formal  
rev iew) inc lude:  

I 

( 1 )  Software Requirements D e f i n i t i o n  (Software Requirements 
Review) 

(2 )  Pre l im ina ry  Program Design (P re l im ina ry  Design R e v i e w )  
(3)  De ta i l ed  Design and Ana lys is  ( C r i t i c a l  Design Review) 
(4 )  Coding and U n i t  Tes t ing  (No formal  rev iew requ i red )  
( 5 )  Module I n t e g r a t i o n  and Tes t ing  (Test  Procedures Review) 
(6) Computer Program Test ing  (Software Acceptance Review) 

A d e s c r i p t i o n  o f  each o f  the major a c t i v i t i e s  i d e n t i f i e d  above 
i s  presented i n  the  f o l l o w i n g  sec t ions .  
a c t i v i t i e s  descr ibed above w i l l  be performed i n  sequence fo r  each computer 
program i n d i v i d u a l l y  o r  for  SW s e t s  -- groups of s i m i l a r  programs a t  the same 

developed s imul taneously .  

The SW computer program l e v e l  

I l e v e l  i n  the  SS MPS h ie ra rchy  t h a t  for c o n f i g u r a t i o n  c o n t r o l  purposes may be 
1 
t 

3.1  - 2  Documen t a  t i on 

Table 3.1-1 i d e n t i f i e s  the  formal  reviews requ i red  a t  complet ion 
o f  the major a c t i v i t i e s  for  the SS MPS or fo r  each computer program or SW 
s e t .  
shown . The purpose of the rev iew and the  documentation to  be reviewed are  a l s o  

Table 3.1-2 def ines the  documents requ i red  for  successful  
complet ion o f  the  SS MPS SW Development P r o j e c t .  A System S p e c i f i c a t i o n  and 
System S imula t ion  Report w i l l  be requ i red  f o r  the  o v e r a l l  SS MPS. The o the r  
documents l i s t e d  are requ i red  for  each computer program. 

3- i 
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3.1.3 Definition of Computer Program Structure 

Computer program structured design (Yourdon, E. and L. 
Constantine, Strucutred Desiqn, Yourdon and Company, Inc., 1976) is a method 
of defining the architectural structure of a computer program using a top-down 
method of design. 
in turn consist of "units." These terms are used with this meaning in this 
plan. 

From the top down, a "program" consists of "modules" which 

3.2 SS MPS SYSTEM REQUIREMENTS DEFINITION/DESIGN 

Because of the modularized nature of the SS MPS system - each 
program being loosely coupled to other programs or executives - a 
comprehensive SW system design must be performed before developing each of the 
independent programs. 
development of each of the individual programs proceed. Changes in the system 
design resulting from computer program requirements changes must be fed back 
to any other impacted programs. 
consist of the requirements analysis and trade studies to determine: ( 1 )  the 
SS MPS functions to be performed, (2) how well the functions are to be 
performed, (3) how the system will be structured or segmented, (4 )  the 
allocation of top level requirements to individual segments (computer 
programs), and (5) the definition o f  system-level data base requirements. The 
SS MPS functional flows, SW hierarchy, and SW functional requirements included 
in Volume I1 of this report should be used as the baseline for performing 
these tasks. 

The design must be updated periodically as the 

The activities performed during this phase 

The SS MPS system design depends on several external factors, 
most notably the SS design and operatlons concepts and the Interfaces with SS 
systems operations, users and user working groups. Because these factors 
will most likely be transient over the course o f  the SS MPS project a 
systematic design approach documenting open i tems and phasing SW computer 
program development based on the attainable level of requirements definition 
must be followed. 

The output of this phase Is the SS MPS System Specification 
documenting the results of the above analysis. 
Specification is required to baseline the document. This document will 
require periodic updating (formally controlled) as the SS MPS software 
development proceeds. 

A formal review of the System 

3.3 SOFTWARE REQUIREMENTS DEFINITION 

Software requirements will be analyzed to completely define the 

This activity extracts SW requirements from the System 
functional, performance, interface and verification requirements of each 
computer program. 
Specification and derives additional detailed requirements. 

3-4 



A description of each of the tasks comprising this activity 
fol 1 ows : 

( 1 )  Requirements Analysis and Allocation. All system level 
requirements pertaining to an individual program are expanded to provide a 
clear definition of the functions and performance parameters for the computer 
program. 

(2 )  Operational Sequence Analysis. The computer program level 
functional reauirements contained in the System SDecification are extended to 
a lower level 'of detail to describe the detailed functions of  the individual 
program. The emphasis is to derive detailed requirements as they relate to 
other MPS programs. 

(3 )  Interface Definition. This activity involves using the 
DeMarco/Yourdon Structured Analysis techniques including data flow 
diagramming, preparing a data dictionary of all interface data, and creating 
process/functional descriptions. Interface analysis, human factors analysis 
and design tasks must be performed to derive the associated software 
requirements. This activity will take into consideration partitioning 
functional requirements to minimize interfaces, providing traceabi 1 i ty t o  the 
System Specification, and providing for completeness, consistency, and 
testability of the requirements. 

( 4 )  Participate in Walkthroughs and Reviews. This activity 
subjicts the evolving requirements specifications - that is, the data flow 
diagrams and process descriptions - to review by managers, quality evaluation 
personnel, and software engineering peers. Resultant issues and decisions 
will be documented in walkthrough reports and internal review reports. 

(5 )  Finalize the Software Requirements Specification (SRS). 
This activity involves documenting the results of the previous analysis and 
review activities. A separate SRS will be developed for each of the computer 
programs and each SRS will contain the Interface Requirements Specification 
(IRS) for the computer program. The SRS includes textual and graphical 
descriptions of interface identifications and summaries, interface data, 
function inputs and outputs, requirements traceability, and qualification 
methods. 

(6) Participate in the Software Specification Review (SSR). 
This activity involves preparing for and participating in the SSR. 
item to be reviewed is the SRS. 

The data 

3.4 PRELIMINARY PROGRAM DESIGN 

Preliminary program design is the process of defining the 
overall structural design at the computer program level. This process 
includes the allocation of functions to lower level program modules, 
definition of the interfaces between these modules, development of the data 
base concept and development o f  a verification plan. 
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A d e s c r i p t i o n  o f  each of the tasks compris ing t h i s  a c t i v i t y  
fo l lows:  

( 1 )  P re l im ina ry  SW Design. Computer program f u n c t i o n s  
sDeci f ied i n  the SRS are orqanized i n t o  modules, the f i r s t  s t r u c t u r a l  l e v e l  
below the program. 
i n  t h i s  phase and should r e q u i r e  l i t t l e  v a r i a t i o n  i n  subsequent phases. 
Actual module design could change s i g n i f i c a n t l y  i n  the d e t a i l e d  des ign and 
analys is  phase. The opera t i ona l  concept o f  each program w i l l  be de f ined,  
spec i fy ing  how the program w i l l  be c o n t r o l l e d  t o  accomplish i t s  f u n c t i o n .  The 
concept o f  c o n t r o l ,  sequencing o f  executable elements, i n t e r r u p t  hand l ing ,  and 
input /ou tpu t  hand l ing  are  developed a t  t h i s  p o i n t .  Operat ional  modes are  
def ined and opera t iona l  t ime l i nes  developed which descr ibe the  expected 
sequence and t i m i n g  o f  executable elements for normal and abnormal cond i t i ons .  

Program-st ructure and opera t i ng  concepts w i  11  be de f i ned  

( 2 )  Timing and S l z i n g  Studies.  Estimates o f  the  t ime r e q u i r e d  
t o  execute each executable element and the amount o f  memory r e q u i r e d  d u r i n g  
execut ion w i l l  be prepared. These est imates,  p a r t i c u l a r l y  t h a t  o f  t ime, w i l l  
be o f  importance t o  planned use o f  executable elements i n  the  rea l - t ime  
mission rep lann ing  cyc le .  

computer program and ex terna l  sources w i  1 1  be de f ined by types o f  data,  da ta  
ra tes ,  spec ia l  cond i t ions ,  i n t e r f a c e  p ro toco l  and spec ia l  da ta  i t e m s .  
Because o f  the phased na ture  of the MPS software development t h i s  task  w i l l  be 
somewhat fragmented. Computer programs t h a t  a re  developed f i r s t  w i l l  assume 
i n t e r f a c e s  w i t h  programs to  be developed downstream. System l e v e l  des ign w i l l  
a l l e v i a t e  the problem by supply ing as much d e t a i l  as poss ib le  a t  t he  t o p  l e v e l .  

( 3 )  Pre l im ina ry  I n t e r f a c e  Design. In te r faces  between the  

(4 )  Data Base Design. The s t r u c t u r e  o f  the  da ta  base, access 
methods, updat ing methods, c o n t r o l  and p r o t e c t i o n  procedures w i  11 be 
determined. The phased SW development w i l l  again impact t h i s  task .  Data 
bases t h a t  are common between computer programs developed o u t  o f  phase w i l l  
most l i k e l y  r e q u i r e  i t e r a t i o n s  to  complete t h e i r  design. System l e v e l  da ta  
base requirements w i l l  be as d e t a i l e d  as poss ib le  to a l l e v i a t e  t h i s  problem. 

(5) P a r t i c i p a t e  I n  Walkthroughs And Reviews. This  a c t i v i t y  
subjects  the evo lv ing  FDD and opera t i on  and support  documentation t o  rev iew by 
managers, qual i t y  eva lua t i on  personnel , and sof tware engineer ing peers. 
Resul tant  issues and dec is ions w i l l  be documented i n  walkthrough r e p o r t s  and 
i n t e r n a l  rev iew reports.  

(6) Es tab l i sh  the Software Development L i b r a r y  (SDL). This  
a c t i v i t y  begins w i t h  the e n t r y  of the customer-approved s p e c i f i c a t i o n  (SRS) 
i n t o  the SDL. The SDL w i l l  con ta in  documentation, t o o l s ,  and e v o l v i n g  
software needed du r ing  the design, coding, and t e s t i n g  o f  the sof tware.  (See 
paragraph 5.2.) 
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(7) F i n a l i z e  Funct ional  Design Document (FDD). Th is  a c t i v i t y  
incorporates the r e s u l t s  o f  the design and rev iew a c t i v i t i e s  above t o  produce 
a de l i ve rab le  FDD. 

(8 )  T e s t  Planning. A p r e l i m i n a r y  Software T e s t  P lan ( S T P I  for  
each computer program w i l l  be developed. 

(9) P a r t i c i p a t e  I n  P re l im ina ry  Design Review (PDR). Th is  
a c t i v i t y  invo lves  prepar ing  for and p a r t i c i p a t i n g  I n  the  sof tware PDR, which 
i s  a formal review. The da ta  i tems to  be reviewed are  the  FDD and p r e l i m i n a r y  
STP. 

3.5 DETAILED DESIGN AND ANALYSIS 

The techn ica l  o b j e c t i v e s  for t h i s  phase a re  t o  cbmplete and 
review the  design of each computer program, and the  computer program 
in te r faces .  

A d e s c r i p t i o n  of  each of the  tasks compr is ing t h i s  a c t i v i t y  
fo l  lows: 

( 1 )  Analys is .  Th is  a c t i v i t y  inc ludes  equat ion  or a l g o r i t h m  
de r i va t i on ,  data base conten t  ana lys is ,  data s torage and access ana lys i s ,  
throughput ana lys i s  and sof tware design ana lys is .  

( 2 )  I n t e r f a c e  Design. I n t e r f a c e s  designed d u r i n g  p r e l i m i n a r y  
design w i l l  be f i n a l i z e d  and changes coord inated on bo th  s ides of the  
i n te r face .  

( 3 )  Software Modeling. This  a c t i v i t y  cons i s t s  o f  exper imental  
coding o f  the  funct ions to  be evaluated and dummy rep resen ta t i ons  o f  the 
i n t e r f a c i n g  elements n o t  requ i red  t o  v e r i f y  the  des ign so lu t i ons .  

(4 )  Software Operat ion Design. Inc ludes  suppor t  o f  i n i t i a t i o n  
and opera t ion  of the  computer program. I n i t i a t i o n  i nvo l ves  a c t i v a t i n g  the 
software, c o n t r o l l i n g  i t s  execut ion and opera t i ng  backup con f igu ra t i ons .  
Operat ion design invo lves  the  d e t a i l e d  d e f i n i t i o n  o f  a l l  i n t e r a c t i o n s  w i t h  
human users o f  the  sof tware,  i n c l u d i n g  d i s p l a y  formats,  command inpu ts ,  
opera t iona l  r e s t r i c t i o n s  and e r r o r  cond i t i ons .  

(5) Deta i l ed  SW Design. Develop a d e t a i l e d  l o g i c  f low f o r  a l l  
l e v e l s  o f  SW i n  a top  down manner. 

(6) Create Software Development F i l e s  (SDFs) .  SDFs w i l l  be 
created to  correspond t o  a l l  u n i t s  now def ined as a r e s u l t  o f  the 
decomposition o f  the h igher  l e v e l  elements. Each SDF w i l l  correspond t o  a 
u n i t  or l o g i c a l l y  r e l a t e d  group o f  u n i t s .  (See paragraph 5.3. )  

(7) Develop A Software T e s t  D e s c r i p t i o n  (STD).  Th is  a c t i v i t y  
w i l l  produce an STD fo r  each computer program to  descr ibe  the t e s t  cases f o r  
each formal t e s t .  Descr ip t ions  inc lude i n i t i a l i z a t i o n  i n fo rma t ion ,  i n p u t  
data, in te rmed ia te  t e s t  r e s u l t s ,  ou tpu t  data, and c r i t e r i a  f o r  eva lua t i ng  
r e s u l t s .  These w i l l  be submit ted as a p a r t  of the CDR data package, p lus  a 
f i n a l i z e d  vers ion  o f  the STP. 
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(8)  Prepare Documentation For U n i t  T e s t  Cases And I n t e g r a t i o n  
Test Cases. This a c t i v i t y  w i l l  i d e n t i f y  the requirements,  r e s p o n s i b i l i t i e s ,  
and schedule. General i n fo rma t ion  had p rev ious l y  been inc luded i n  the STP. 
Since module and u n i t  i d e n t i f i c a t i o n s  w i l l  be a v a i l a b l e  a t  the t ime o f  t h i s  
a c t i v i t y ,  d e t a i l s  spec i f i c  t o  each element can be documented. 
w i l l  a l s o  descr ibe i npu ts ,  expected r e s u l t s ,  and eva lua t i on  c r i t e r i a  fo r  the  
in formal  t e s t  cases. 

This  a c t i v i t y  

(9) P a r t i c i p a t e  i n  Walkthrough and Reviews. This  a c t i v i t y  
subjects  the  evo lv ing  d e t a i l e d  des ign t o  rev iew by managers, q u a l i t y  
eva lua t ion  personnel ,  and software engineer ing peers. A1  l o c a t i o n  o f  
requirements to  the  modules and u n i t s  w i l l  be assessed. 
t im ing  budgets and margins w i l l  be reviewed. A s  i n  the  p r e l i m i n a r y  des ign 
a c t i v i t y  an i t e r a t i o n  i n  module design may be warranted i f  a l l o c a t e d  budgets 
and pro jec ted  budgets have s i g n i f i c a n t  v a r i a t i o n s .  -The walkthroughs w i l l  
a s s i s t  i n  the d e t e c t i o n  of i n te r face  and implementat ion design problems. 
walkthroughs w i l l  occur a f t e r  a s i g n i f i c a n t  amount of design has been produced 
b u t  e a r l y  enough so t h a t  detected flaws can be cor rec ted  before major rework 
i s  requi red.  

P ro jec ted  s i z i n g  and 

The 

(10) Prepare the Software De ta i l ed  Design Document (SDDD). .This 
a c t i v i t y  incorpora tes  the  r e s u l t s  o f  the  design and rev iew a c t i v i t i e s  above t o  
produce a d e l i v e r a b l e  SDDD for each computer program. 
w i l l  be the I n t e r f a c e  Design Document ( I D D )  and Data Base Design Document 
(DBDD). 

Inc luded i n  each SDDD 

The SDDDs w i l l  be submit ted as a p a r t  of the  COR da ta  package. 

( 1 1 )  P a r t i c i p a t e  i n  the  C r i t i c a l  Design Review. This  a c t i v i t y  
Invo lves  prepar ing  for and p a r t i c i p a t i n g  i n  the  CDR, which i s  a formal  
review. The da ta  i tems t o  be reviewed are the SDDD, STP, and STD. 

3.6 CODING AND UNIT TESTING 

U n i t s  w i l l  be coded i n  a top-down manner and each w i l l  be tes ted  
for  v e r i f i c a t i o n  o f  i t s  process ing,  da ta  manipulat ions,  and error handl ing.  

A d e s c r i p t i o n  of each of the  tasks compris ing t h i s  a c t i v i t y  follows: 

( 1 )  Code U n i t s  i n  a Top-Down Manner. Each u n i t  w i l l  be coded 
per  the codlng standards spec i f ied  i n  paragraph 5 . 5 .  
w i l l  be unique t o  a computer program. This uniqueness w i l l  be due t o  
p e c u l a r i t i e s  o f  each of the programs, sof tware development f a c i l i t i e s ,  the 
System Requirements and the  run  t i m e  ope ra t i ng  systems. 
to  top-down coding w i l l  be made t o  address c r i t i c a l  u n i t s .  

Some coding standards 

Any except ions made 

(2) Prepare U n i t  T e s t  Procedures. This a c t i v i t y  w i l l  de f i ne  
the t e s t  procedures fo r  u n i t  t e s t i n g  i n c l u d i n g  the o b j e c t i v e s  o f  the t e s t  
case, the t e s t  methods, i npu ts ,  and expected ou tpu ts .  

( 3 )  Perform U n i t  T e s t s .  This a c t i v i t y  w i l l  i n v o l v e  o b t a i n i n g  
error-free compi la t ions,  debugging i n - l i n e  t o  a l l ow  s t a t i c  ana lys i s  and 
breakpoint ing,  s tubbing of c a l l e d  u n i t s ,  and some i n t e g r a t i n g  o f  modules t o  
ensure cons is ten t  t e s t i n g .  
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(4)  Update the SDFs. Th is  a c t i v i t y  i nvo l ves  reco rd ing  the  
r e s u l t s  o f  the  u n i t  t e s t s  and i n s e r t i n g  these t e s t  r e s u l t s  and the  c u r r e n t  
source code l i s t i n g s  i n t o  the corresponding SDFs. 

, 

(5)  Prepare Module Level I n t e g r a t i o n  Test Procedures. This  
a c t i v i t y  produces documentation for  the Module Level I n t e g r a t i o n  Test 
Procedures i n c l u d i n g  ob jec t i ves ,  t e s t  methods, inpu ts ,  and expected ou tpu ts  of 
the t e s t i n g .  

(6) Prepare A P re l im ina ry  Software T e s t  Procedure (STPR) For 
Each Computer Proqram. 
formal t e s t i n g ,  t h a t  i s ,  for  computer program t e s t i n g .  The documentation 
inc ludes p r e t e s t  procedures, step-by-step procedures, and the  procedures to be 
used fo r  da ta  reduc t i on  and da ta  ana lys i s .  

Th is  a c t i v i t y  documents the  procedures t o  be used for  

(7) P a r t i c i p a t e  I n  Hal kthroughs and Rev1 ews . Thi s a c t i  v i  t y  
w i l l  sub jec t  the  u n i t  w i t h  i t s  hardcopy code l i s t i n g  and t e s t  r e s u l t s  t o  
rev iew by managers, sof tware qual i ty  eva lua t i on  personnel and sof tware 
engineer ing peers. This a c t i v i t y  w i l l  a s s i s t  i n  d e t e c t i n g  i n te r face  and flow 
problems, incons is tenc ies  w i t h  coding standards, and de f i c ienc ies  i n  
t e s t i n g .  Any issues or dec is ions  t h a t  r e s u l t  from the  rev iew w i l l  be recorded 
i n  the SDF. 

(8) Develop Operat ion and Support Documentation. This  a c t i v i t y  
w i l l  produce the Software User 's  Manual (SUM) and Computer Sys tem Opera tor ' s  
Manual (CSOM) for  each computer program. 

3 . 7  MODULE INTEGRATION AND TESTING 

U n i t s  w i l l  be i n t e g r a t e d  i n t o  modules t e s t e d  i n  accordance w i t h  
the  module i n t e g r a t i o n  t e s t  cases and Module I n t e g r a t i o n  Test Procedures. 

A d e s c r i p t i o n  of each of  the  tasks compr is ing t h i s  a c t i v i t y  
fol lows : 

(1) I n t e g r a t e  U n i t s  I n t o  Modules. U n i t s  w i l l  be i n t e g r a t e d  t o  
form h igher  l e v e l  elements so t h a t  t e s t i n g  of the  aggregates may be 
performed. 
however, t e s t i n g  o f  the computer programs w i l l  occur du r ing  the  nex t  major 
a c t i v i t y .  

The units w i l l  also be ' In tegrated to  form the  computer programs; 

( 2 )  Test Modules. T e s t s  w i l l  be performed on the  modules 
according to  the  documented t e s t  cases and t e s t  procedures. The t e s t i n g  w i l l  
produce hardcopy ou tpu ts  on to  which annotat ions w i l l  be marked t o  show where 
the o b j e c t i v e s  and requirements have been met. Discrepancies w i l l  be 
documented. Recommendations for c o r r e c t i v e  a c t i o n  and r e t e s t  w i l l  be made. 

( 3 )  Assess Memory Use and Processing T i m e s .  Th is  a c t i v i t y  w i l l  
con t ras t  memory and processing t i m e  a l l o c a t i o n s  made d u r i n g  the des ign 
a c t i v i t i e s  w i t h  memory and process ing t i m e  values ob ta ined when aggregates for 
u n i t s  were tes ted  together .  Also assessed w i l l  be any r e q u i r e d  sys tem 
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resources that may differ from earlier specifications. 
will be made to the documentation to reflect the new assessments of memory and 
processing time requirements and any new system resource requirements. 

Any necessary changes 

(4 )  Record The Test results. Module integration test results 
will be recorded in the format given in paragraph 5.4. 

(5) Perform Needed Corrections and Regression Testing. 
Corrections will be made as necessary to design documentation and code. 
Required regression testing will be performed. 
the units that have undergone design documentation or coding changes will be 
updated. 

The SDFs that correspond to 

( 6 )  Finalize The STPRs For Each Unit. The preliminary STPRs 
for each computer program prepared during the previous major activity will be 
final i zed. 

(7) Participate In Walkthroughs And Reviews. This activity 
subjects the module integration test results , computer program formal test 
procedures and evolving SUMS and CSOMs to review by managers, software quality 
evaluation personnel and software engiheering peers. Resultant issues and 
decisions will be documented in walkthrough reports and internal review 
reports. 

and CSOM for an computer program will be updated with any known details. 
(8) Update the SUM and CSOMs. The evolving versions of the SUM 

(9) Participate In The Test Procedures Review (TPR). This 
activity involves preparing for and participating in the TPR, which i s  a 
formal review. 
results, STPRs for each computer program and the evolving SUM and CSOM for 
each computer program. 

The data items to be reviewed are the module integration tests 

3 . 8  ’ COMPUTER PROGRAM TESTING 

The computer programs are tested in accordance with formal test 
documentation. Then all software and documentation is readied for audit and 
delivery or baselining for use. 

A description of each of the tasks comprising the activity 
follows: 

( 1 )  Test Computer Programs. This activity involves testing 
each program in accordance with the formal test documentation which includes 
the STP, STD, and STPR. Testing will be performed by individuals who are 
independent from the developers. 

( 2 )  Prepare SW Test Report (STR). Record the formal test 
results and prepare a Software Test Report (STR) containing a summary of the 
tests, test history, results of each formal test, test result evaluations and 
recommendations, and deviations. This test reporting will be performed by 
individuals independent from the developers. 
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(3) Perform Cor rec t ions  and R e t e s t .  Cor rec t ions  w i l l  be made 
as necessary t o  des ign documentation and code. Required r e t e s t i n g  w i l l  be 
performed. 

(4 )  Prepare a Vers ion Desc r ip t i on  Document (VDD) for  each 
Computer Program. This a c t i v i t y  i nvo l ves  i d e n t i f y i n g  the exac t  ve rs ion  of 
each computer program and the  i n t e r i m  changes t h a t  occur between vers ions .  
The VDD i s  a l i v i n g  document intended t o  main ta in  a change h i s t o r y  for  the 
computer program and a l l o w  users of  the  sof tware t o  i d e n t i f y  changes made 
between d i f f e r e n t  re leases.  

(5 )  F i n a l i z e  The SUM and CSOM For Each Computer Proqram. The 
completed vers ions o f  the  SUM and CSOM for each computer program w i l l  be 
prepared. 

w i l l  sub ject  the  completed software and documentation t o  rev iew by managers, 
software qual i t y  eva lua t i on  personnel, and sof tware eng ineer ing  peers. 

- 
( 6 )  P a r t i c i p a t e  i n  Walkthroughs and Reviews. This  a c t i v i t y  

(7) P a r t i c i p a t e  i n  Software Acceptance Review ( S A R I .  Formal 
r- t e s t  r e s u l t s  i n  the  STR w i l l  be reviewed ta v e r i f y  t h a t  the computer program 

was successfu l ly  tes ted .  A check w i l l  be made t o  see i f  the  requirements of 
the SRS have been met. The VDD w i l l  be reviewed to make sure i t  r e f l e c t s  an 
accurate techn ica l  d e s c r i p t i o n  o f  the  computer program. The f i n a l  vers ions  o f  
the SUM and CSOM w i l l  be evaluated w i t h  respect  t o  how w e l l  they  address 
opera t ion  and suppor t  o f  the  computer system. 

(8) Prepare Computer Program For De l i ve ry .  The d e l i v e r a b l e  
vers ions o f  source and o b j e c t  code for each computer program w i l l  be prepared 
for  d e l i v e r y  i n  accordance w i t h  the requirements s ta ted  i n  the  SRS fo r  the  
computer program. 

3.9 UNIQUE A C T I V I T I E S  I N  SS MPS DEVELOPMENT (COMPUTER PROGRAM LEVEL) 

The f o l l o w i n g  a c t i v i t i e s  are unique t o  one o r  more of the SS MPS 
computer programs. 

3.9.1 Prototypinq 

This  a c t i v i t y  i s  performed p r i o r  t o  Software Requirements 
Spec i f i ca t i on .  
opera t iona l  l e v e l  t o  support  implementat ion f e a s i b i l i t y .  The end product  of 
p r o t o t y p i n g  i s  a s e t  o f  w e l l  de f ined requirements.  For several  sof tware 
modules i n  the MPS system, the  cos t  o f  p r o t o t y p i n g  i s  l i k e l y  t o  be much l e s s  
than the cos t  assoc iated w i t h  requirements r e d e f i n i t i o n  l a t e  i n  the 
development cyc le .  

P ro to typ ing  prov ides working systemslsubsystems a t  a gross 

Several software modules have been recommended fo r  p r o t o t y p i n g  
i n  the LISP 1anguagelSymbolics machine environment. Th is  environment a f f o r d s  
more opera tor  f l e x i b i l i t y  and t i m e  savings than convent ional  hardwarelsof tware 
environments. 
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3.10 SS MPS SIMULATIONS AND PERFORMANCE REVIEW 

After each computer program has been acceptance tested according 
to formal test documentation, overall system simulations will be conducted to 
verify the performance of the SS MPS. 
payload complement test cases. At the completion of the simulations a SS MPS 
performance review will be held. 

Simulations will consist of various 

A description of each of the tasks comprising this activity follows: 

(1 )  Development Simulation Plans. This activity produces a 
Simulation Plan which identifies the requirements responsibilities, and 
schedules for the Simulatfons. 

- (2 )  Develop A Slmulatlon Description. This activity will 
produce a description to describe the payload complement test cases. 
Descriptions include input data, intermediate results, output data and 
criteria for evaluating results. 

( 3 )  Perform SS MPS Simulations. This activity consists of 
Derforminq a Simulation of the overall SS MPS accordins to the documented 
Simulatio; Description. 
which annotations will be marked to show where the objectives and requirements 
have been met. Discrepancies will be documented. Recommendations for 
corrective action and retest will be made. 

The Simulation wi 1 1  produce hardcopy outputs onto 

(4 )  Document Results. The results of the Simulation will be 
documented in a Simulation Report to be reviewed at the System Level 
Performance review. 

( 5 )  Participate in Performance Review. Simulation results will 
be reviewed to verify that the MPS performed successfully. Open items will be 
documented as will any required iterations in the MPS development. 
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Section 4 

DEVELOPMENT SCHEDULES AND MANPOWER REQUIREMENTS 

The estimated cost of the SS MPS project in terms of manpower 
and schedule is presented in this section. The approach to cost estimating 
was t o  group the computer programs identified in Section 2 into the SW Sets 
defined in Table 4-1 based on similarities in computer program type, 
interfaces, AI recommendations and SW hierarchy. The cost of each of these 
sets was estimated by use of the Constructive Cost Model (COCOMO). 
required for prototyping, system level design and system level testing was 
estlmated separately. 

, 
The effort 

4.1 METHODOLOGY AND ASSUMPTIONS 

The COCOMO estimating procedure is driven by program size 
(lines of  code) and various cost drivers as described in the following 
paragraphs. 

4.1.1 Lines Of Code 

.The lines of code estimates for each new computer program (see 
Table 4-11 were arrived at by allocating functions to each computer program 
(see Appendix A ) ,  estimating the lines of code for each function and summing 
these t o  arrive at the total computer program estimate. 

The original lines of code for the modified SL MIPS computer 
programs were taken from the SL MIPS Data Base presented in Volume 11, 
Appendix A. Design, coding and integration modification factors were 
estimated subjectively based on the number of functions to be retained from 
the reused code and the number of new functions to be added. 

r 

4.1.2 Software Cost Drivers 

The various cost drivers employed by COCOMO are shown in Figure 
4.1.2-1 along with the ratings assumed for each of the SS MPS SW Sets. 
Definitions of each o f  the cost drivers and how they are applied in the cost 
estimating process can be found in Software Enqi nee;i ng Economi cs, Barry 
Boehm; Prentice-Hall, Inc.; Englewood Cliffs, N. J.; 1981. 

4.2 MANPOWER REQUIREMENTS 

The manpower requirements are an output of COCOMO for each SW 
Set development effort with manual adjustments made for prototyping, system 
level design and system level simulations and performance reviews. 

4.2.1 SW Set Manpower Requirements 

The number of manmonths per SW Set Phase required to 
successfully complete the SS MPS project i s  illustrated for the individual SW 
Sets in Figure 4.2.1-1. An activity distribution of manpower corresponding to 
this phase distribution is included i n  Appendix B. 
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TABLE 4-1 SW SET GROUPINGS AND L I N E S  OF CODE ESTIMATES 

NEW SOFTWARE 

SYSTEM EXECUTIVES (PHASE I) 
USER MPS EXEC 
PLANNING CENTER MPS EXEC 
POIC MPS EXEC 

USER MPS EXEC 
PLANNING CENTER MPS EXEC 
POIC MPS EXEC 

TOP LEVEL 
ATMOS PHYS 
SOLAR 
EARTH S I T E  
PLASMA PHYSICS 
CELESTIAL 

SYSTEM EXECUTIVES (PHASE 11) 

SPECIAL 06s OPPS EXECUTIVES 

- EDITOR EXECUTIVES 
. MODEL EDITOR EXEC 
06s OPPS EDITOR EXEC 
SCHEDULER EXEC 

RE-SCHEDULER 
URD6 I / F  
COMMAND PLANNER 
OUTPUT PROCESSOR EXEC 
NEW TIMELINE ANALYSIS SOFTWARE 

MDL EXTRACT 
MDL COMPARE 
T L  COMPARE 
T L  MERGE 
PCAP DELTAS 
SUMMARY PCAP 

ESTIMATED 
L I N E S  OF CODE 

MODU L E  SET 
3 7 , 0 0 0  

9,000 
14,000 
1 4 , 0 0 0  

15,000 
20,000 
20 , 000 

22,000 
4 , 000 
4,000 
4 , 000 
4 , 000 
4,000 

6,000 
7,000 
5,000 

4,000 
4,000 
6 , 000 
6 , 000 
8,000 

25,000 

55,000 

4 2 , 0 0 0  

18,000 

36,000 
41,000 
10,000 
8,000 

53 , 000 

TOTAL 
300 , 000 
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TABLE 4-1. SW SET GROUPINGS AND L I N E S  OF CODE ESTIMATES (CONT'D) 

EST I MAT ED 

MODULE SET NEW L I N E S  
L I N E S  OF CODE EQUIVALENT 

MODIFIED SL M I P S  MODULES 

ORBIT ANALYSIS 
ASEP 
ATMOS 
BORB 
CAVA 
ESAL 
ESDAT 
LTO 
RAD12 
STAR 
TANRAY 
TARGEN 

T I  ME L I  NE ANALYSIS 
ESP 
PCAP 
PTS 
TAE 
VME 

DATA FLOW ANALYSIS 
PROFILE 
MISSION WINDOWS 
ONBOARD RECORDER SCHEDULAR 
POSSIBLE FORMATS 
FORMAT SCHEDULAR 
POSSIBLE POCC CONFIGURATIONS 
POCC CONFIGURATION SCHEDULAR 
PLAYBACK SCHEDULAR. 
INTERACTIVE DATA UPDATE SYSTEM 
VERIFICATION 
COMPARE TDRS 
COMPARE MODELS 
DATA MANAGEMENT CHECKLIST 
DATA SCHEDULE F I L E  
ANTENNA DISPLAY 
IDMS LIBRARY 

TOTAL 

63,209 
14,191 

1,650 
2,100 

20 , 072 
1,850 
700 
35 1 

8 * 060 
2,054 
1,625 

10,556 

90 , 000 
27 , 000 

6,200 
10,000 
40 , 000 

5,031 
16,608 
15,587 
2 , 630 
7,908 
9 , 396 
5 , 555 

16,498 
31,790 

8,186 
580 

2,072 
5,857 

29,412 
4 , 056 
3,058 

1 7 3 , 200 

164,224 

400 , 633 
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20 , 525 

61,395 

75,461 

157,381 



Because of the uncertainties of the values of the various cost 
drivers used in the SS MPS cost estimating procedure an analysis was 
performed to identify the sensitivity of the estimated outputs to variance in 
the assumed cost drivers. 
chosen as an example. 
in manpower corresponding to changes in these drivers is presented in Figure 
4.2.1-2. 
except for the particular driver being analyzed. 

A representative SW Set, the Re-Scheduler, was 
Five of the cost drivers were analyzed and the change 

The baseline assumptions are the same as shown in Figure 4.1.2-1 

From the results it is obvious that the overall estimate 
accuracy relies heavily on the accuracy of the input cost drivers, and the SW 
cost estimates must be kept current as more definition of the project is 
attained. 

4.2.2 Manpower Requirements Summary 

A top level summary of the manpower required to successfully 
complete the SS MPS project is presented in Table 4.2.2-1. 
includes the COCOMO outputs of Appendix B adjusted for prototyping and system 
level activities. The total estimated manpower requirement is 4841 manmonths. 

The summary 

An estimate ran under the same assumptions and excluding the 
benefit of the SL MIPS software yielded an estimated manpower requirement of 
9693 manmonths. 
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TABLE 4.2 .2-1 .  MANPOWER REQUIREMENTS SUMMARY 

A C T I V I T I E S  

MPS SYSTEM DESIGN 
MPS SYSTEM SIMULATIONS/ 

PERFORMANCE REVIEW 

SW SETS DEVELOPMENT 
A - SPECIAL OBS OPPS EXECS 
B - URD8 I / F  
C - EDITOR EXECS 
D - RESCHEDULER 
E - SYSTEM EXECS (PHASE I) 
F - SYSTEM EXECS (PHASE 11) 
G - COMMAND PLANNER 
H - NEW CONVENTIONAL T L  SW 
I - MODIFIED T IMELINE SW 
J - MODIFIED ORBIT SW 
K - MODIFIED DATA FLOW SW 
L - OUTPUT PROCESSOR EXEC 

DURATION 
(MONTHS 1 

8 
15 

28 
53 
21 
46 
40 
57 
16 
31 
30 
20  
33 
15 

MANPOWER MAN- 
(MANMONTHS) LOAD1 NG 

96 12 
360 24 

388 
$98 
152 
41 9 
41 6 
682 

67 

467 
123 
62 5 

50 
4841 

498 

- 

13 .9  
9 . 4  
7 .2  
9 .1  

10 .4  
12.0 
4 . 2  

16.1 
15.6 

6 . 2  
18.9 
3 . 3  

4-10 



4.3 SCHEDULES 

4.3.1 SW Set Schedules 

An activity schedule for each SW Set project phase is included 
in this section. 
delta times. The actual phasing of the SW Set development is arrived at 
subjectively and is discussed in Section 4.3.2. 

The SW Set schedules assume that all the computer programs 
within a particular set all work toward the same project milestones SRR, PDR, 
CDR, etc. Further granularity can be obtained by scheduling activities to the 
computer program level, if desired, as better definition of the project i s  
obtained. figure 4.3.1-1 depicts the schedules for the twelve SW sets. 

The schedules are presented separately and include only 

In determining these schedules the COCOMO output included in 
Appendix B was used as a basis. 
COCOMO output based on the estimators experience. In particular, the duration 
of the COCOMO programming phase output, which includes detailed design, 
analysls, coding, and unit testing as shown in Figure 4.3.1-1, was arbitrarily 
lengthened to reduce peak manpower levels. 

Subjective adjustments were made t o  the 

4.3.2 Top Level SS MPS Schedule 

The recommended SS MPS Top Level Development schedule is shown 
in Figure 4.3.2-1. This schedule was arrived at subjectively based on the 
evaluation of each SW Set against several factors and considering the overall 
SSP milestones. 
the rating of each set versus that criteria. Obviously development lead time 
for the four SW Sets that require prototyping was the overriding factor and 
requires that development of these SW Sets begin as soon as possible. 
SW Sets have suffictent requirements definition to begin prototyping 
concurrent with the SS MPS system level design activity. It is also 
recommended to begin development of A-Special Obs Opps Executives, J-Modified 
SL MIPS Orbit Analysis SW and I-Modified SL MIPS Timeline SW as soon as the 
system design activity is completed because of three factors: ( 1 )  the initial 
manloading of the SW sets to be prototyped is relatively low, (2) requirements 
definition for the modified SW should be relatively high and ( 3 )  the 
dependency on SS operations and design concepts for the modified SW is low to 
moderate. The remaining activities should be phased in based on better 
definition of the SS operations and design concepts and MPS concept. As these 
become more firm, better decisions on the actual phasing of the SW development 
can be made. 
for the first two years of the project was made and is presented in Table 
4.3.2-1, based on the recommended top level schedule in Figure 4.3.2-1. 
attempt was made to provide a distribution of manloading for the remainder of 
the project because o f  the instabilities of the long term schedule. 
project proceeds as shown on the top level schedule the manloading for the 
remaining 40 months of the project would average an estimated 99 men. 

Figure 4.3.2-2 presents the criteria that were considered and 

These 

For budgetary purposes an estimate of the required manloading 

No 

If the 
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Because o f  the uncertainties in the SSP overall schedule and the amount o f  
time the SS MPS must be in place before on-orbit payload operations begin, the 
actual MPS schedule that will be followed is uncertain. The estimates 
included In this plan are made to scope the magnitude of the project and to 
provide input for budgetary decisions. 
periodic updates t o  this schedule will be required. 

As the SS MPS project progresses 

TABLE 4.3.2-1 MANPOWER LOADING ESTIMATES 

F ISCAL YR-QUARTER 

1 988- 1 
2 
3 
4 

1 989- 1 
2 
3 
4 

MANPOWER REQUIRED 

22 
22 
22 
23 
28 
42 
56 
73 
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5.1 

Sect ion 5 

SOFTWARE DEVELOPMENT PROCEDURES 

SW TECHNIQUES AND METHODOLOGIES 

The f o l l o w i n g  paragraphs descr ibe the sof tware development 
techniques and methodologies recommended for use on the  SS MPS p r o j e c t .  

5.1.1 S t ruc tured  Ana lys is  for  Software Requirements 

S t ruc tu red  Ana lys is  (SA) I s  a method of  model ing a system us ing  
the  DeMarcolYourdon method of da ta  flow diagramming, p r o c e s s l f u n c t i o n  
desc r ip t i ons ,  and data d i c t i o n a r y  d e f i n i t i o n s .  This  method views a system by 
the  data f l ows  and i n t e r f a c e s  and the func t i ons  performed upon the  data.  

This  method i s  a top-down approach where each process / func t ion  
can be f u r t h e r  de f ined i n t o  subprocesses/subfunctions. Also, the da ta  flows 
( i n t e r f a c e s )  can be f u r t h e r  d i v ided  i n t o  subflows. A l l  i n fo rmat ion  i s  
maintained i n  the da ta  d i c t i o n a r y  and process l func t ion  d e s c r i p t i o n s  
(min i  specs 1 for  i nco rpo ra t i on  i n t o  the Software Requirements Speci f i ca t ion .  

5.1.2 S t ruc tured  Design for  Software Top Level Design 

St ruc tured  Design (SD),  developed by Yourdon and Constant ine,  i s  a method o f  
d e f i n i n g  the a r c h i t e c t u r a l  s t r u c t u r e  o f  a sof tware system us ing  a top-down 
method o f  design. Each module o f  a sys tem is def ined;  i t s  i n t e r f a c e s ,  c a l l i n g  
sequence, and l o c a t i o n  i n  the h ie ra rchy  are  a l l  ev iden t  us ing  t h i s  method. SD 
a l s o  prov ides soph is t i ca ted  r u l e s  which can be implemented us ing  t h i s  method, 
a1 lowing a designer to; 

(1) Minimize da ta  coup l ing  (minimize i n t e r f a c e s )  
(2)  Maximize module cohesion (keep the f u n c t i o n s  i s o l a t e d )  
( 3 )  Minimize dup l i ca te  code 
(4 )  Separate working modules from the  management modules 
(5) Simp1 i f y  implementat ion 
(6) Balance the system 

5 .1 .3  PDL f o r  Software De ta i l ed  Design 

Program Design Language (PDL) w i l l  be the method used for  
d e t a i l e d  design. PDL i s  a sof tware t o o l  ( s e e  paragraph 5 .6)  p r o v i d i n g  a 
s t ruc tu red  Engl ish-type language f o r  desc r ib ing  the  content  o f  a module or 
u n i t .  The PDL f o l l o w s  c e r t a i n  r u l e s  f o r  desc r ib ing  implementat ion s t r u c t u r e ,  
format t ing,  and i n t e r f a c e  desc r ip t i ons .  

5.1.4 Standard for Code Development 

Code w i l l  be developed i n  a top-down manner cons is ten t  w i t h  the 
standards prov ided i n  sec t i on  5.5. 
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5.1.5 Standard for  U n i t  Tes t ing  

U n i t  t e s t i n g  w i l l  conform t o  the in fo rmal  t e s t  p lans,  where each 
u n i t  w i l l  be tes ted  i n d i v i d u a l l y  o r  w i t h i n  groups t o  demonstrate the 
implementation meets  both the design and requirements.  

5.1.6 

c r i t i c a l i t y  o f  a se t  o f  u n i t s  are such t h a t  bottom-up or conglomerate t e s t i n g  
would be j u s t i f i e d .  Each u n i t  w i l l  be added i n  a systemat ic way such t h a t  the  
execut ive u n i t s  are tes ted  f i r s t ,  s tubbing o u t  the  lower l e v e l s ,  u n t i l  a l l  
u n i t s  are i n teg ra ted  and tes ted  for  the f u l l  computer program. 

Standard f o r  Module and Computer Program I n t e g r a t i o n  and T e s t i n g  

A l l  t e s t i n g  w i l l  be done i n  a top-down manner, un less the 

5.1.7 Walkthroughs 

Well planned i n t e r n a l  walkthroughs w i l l  be scheduled d u r i n g  
requirements ana lys i s ,  top l e v e l  design, d e t a i l e d  design, code and u n i t  t e s t .  
These walkthroughs w i l l  c o n s i s t  o f  Software Q u a l i t y  Assurance (SQA) and a s e t  
of software development peers whose exper t i se  w i l l  he lp  ensure the  c o r r e c t  
implementation and evaluate the design and design t rade-o f fs .  The r e s u l t s  o f  
these walkthroughs w i  11  be recorded and become p a r t  o f  the  sof tware 
development f i l e s  to  t r a c k  the design dec is ions and implementat ion d i r e c t i o n s .  

5.2 SOFTWARE DEVELOPMENT LIBRARY 

The SDL w i l l  be es tab l i shed du r ing  the P re l im ina ry  Design 
a c t i v i t y .  The l i b r a r y  w i l l  cons i s t  o f  a c o l l e c t i o n  o f  l i b r a r y  u n i t s  
es tab l i shed and c o n t r o l  l e d  a t  each o f  the f a c i  11 t i e s  used d u r i n g  development 
and t e s t  o f  the  software.  

Each l i b r a r y  u n i t  w i l l  con ta in  the t o o l s ,  documentation, and 
source and o b j e c t  code associated w i t h  the computer program and phase o f  
development. 

Contro l  procedures for  each u n i t  compr is ing the SDL w i l l  be 
thorough and cons is ten t .  I n  cases where d u p l i c a t i o n  e x i s t s  the  u n i t  
c o n t r o l l i n g  the master w i l l  have been i d e n t i f i e d .  

The f o l l o w i n g  a c t i v i t i e s  w i l l  ensure a c o n t r o l l e d  SDL. 

ESTABLISHMENT OF THE SDL 

( 1 )  The l i b r a r y  u n i t  o f  each f a c i l i t y  w i l l  be i d e n t i f i e d ,  
i n c l u d i n g  i t s  l o c a t i o n ,  hardware host,  storage media, and admin i s t ra to r .  

( 2 )  The planned contents o f  the l i b r a r y  u n i t  w i l l  be 
i d e n t i f i e d ,  i n c l u d i n g  software t o o l s ,  documentation, and source and o b j e c t  
code. A t  t h i s  p o i n t ,  where d u p l i c a t i o n  w i l l  e x i s t ,  the c o n t r o l l i n g  l i b r a r y  
u n i t  w i l l  be i d e n t i f i e d .  

( 3 )  Current  contents o f  each l i b r a r y  u n i t  w i l l  be i nven to r ied .  
A c o n t r o l l e d  l i s t  o f  cu r ren t  contents w i l l  be maintained f o r  each l i b r a r y  u n i t .  . 
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( 4 )  The naminglnumbering schemes for directories, files, data 
bases, procedures, etc., used by each library unit will be established and 
published. 

( 6 )  All media associated with the library unit will be 
identified and labeled consistent with the release documentation to which it 

(5) The backup procedures and responsibilities will be 
i dentif i ed. 

(1) User accounts will be established according to library 
access authorization. Users who have accounts on the system, but are not 
authorized to modify or access the library elements, will not have privileges 
associated with their account that would allow them to do so. 

(2 )  Unauthorized use of accounts that have privileges to access 

( 3 )  Where limited access to library elements i s  authorized, 

and/or modify the library elements will be precluded by the use of passwords. 

access control lists will be maintained for the files so that groups of users 
will have varying privileges. For example, access control lists may allow all 
users to read the file, but only the person responsible for the library unit 
to write to the file. 

5.3 SOFTWARE DEVELOPMENT FILES 

Software Development files (SDFs) will be maintained for all 
computer programs. 

5.3.1 Benefits of the Use o f  SDFs 

SDFs provide a means for maintaining software in a manner that 
is visible, auditable, and consistent across the software development effort. 
A focal point is established for all information relating to the design, 
implementation, and unit test of all software elements. The SDFs form the 
primary review items during walkthroughs and other internal review procedures 
and the primary management tool for monitoring progress during software 
development. Documentation included in the SDFs is current and available for 
incorporation into the deliverable data items. 

\ 

5.3.2 Responsibility for Maintaining SDFs 

Every unit comprising the SS MPS will have a corresponding SDF, 
though not necessarily in a one-to-one correspondence. 
logically related group of units. he SDF will be created and maintained to a 

One SDF may serve a 

cub-ent status by the programmer responsible for the software served by the 
SDF. 
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5.3.3 Creation and Maintenance of SDFs 

SDFs are created during the Detailed Design phase of software 
development, after the top level modules have been decomposed into lower level 
uni ts. 

The SDFs will be reviewed by functional and project management 
and by Software Quality Assurance personnel. 
a change to information in the SDF, such as a walkthrough or a unit test, the 
responsible programmer will update the SDF in a timely manner. 

Following each event that causes 

The SDF is a working document (preferably computerized) used 
during development and test but not maintained after completion of integration 
and test. SDFs will be retained by the functional and software development 
organization for historical information. 

5.3.4 Contents and Format of the SDFs 

The SDF for each unit or logically related group of units will 
be maintained with the sections described below. Since some o f  the data that 
goes into the SDF, such as data flow diagrams and current source code, will be 
maintained in the Software Development Library, that data may be referenced in 
the SDF rather than duplicated. However, prior to a review or audit, the 
responsible programmer will obtain a hard copy of the current version of all 
referenced data to facilitate the review or audit. 

The SDFs will address the following: 

(a) schedule 
(b) status information 
(c) unit requirements 
(d) design considerations and constraints 
(e) code listing . 

(f) test documentation 

These are addressed in the format below. 

COVER SHEETS SECTION 

Proqress Table 

This table indicates the schedule and status information 
relative to the schedule with sign-off blocks for each milestone enumerated. 

Review Items List 

The list identifies deficiencies found in the developing 
software and the engineering responses to those items listed. 

Change Log 

This log reports all the changes made to the software after the 
internal baseline has been established. 
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Walkthrough Reports 

This report documents the findings during each walkthrough. 

REQUIREMENTS SECTION 

This section contains unit requirements including interface 
requirements that are allocated to the software served by the SDF. 
Requirements changes which evolve during the software development process will 
be documented in this section. 

DESIGN DESCRIPTION SECTION 

This section includes an overview of function detailed design, 
data base design and interfaces. 
will be noted. This section will contain design representation of the 
software in the form of Program Design Language (PDL) and/or structure charts. 

Any design considerations and constraints 

CODE LISTING SECTION 

This section will contain a current listing of the source code. 
It will also contain a reference (filename, directory, and version number) to 
the last reviewed source code. 

UNIT TEST SECTION 

This section includes the test methods, cases, tools, and 
startup conditions for informal testing of the software served by the SDF. 
Where the SDF corresponds not to a unit but a logical group of units, the test 
procedures identified here will pertain to the group of units. 
5.4 for the format of unit test cases and procedures documentation. 

See paragraph 

UNIT TEST RESULTS SECTION 

This section includes the test results and verification that the 
testing was successfully completed. 
test results documentation. 

See paragraph 5.4 for the format of unit 

PROBLEM REPORTS SECTION 

This section contains copies of all Software Discrepancy Reports 
(SDRs) generated after the software served by the SDF has been baselined 
internally. 

NOTES SECTION 

This section contains any other information, such as memos or 
records of discussion, that may provide useful information about the software. 

5.4 DOCUMENTATION FORMATS FOR INFORMAL TESTS 

Informal tests are performed during the Coding and Unit Testing 
and Module Integration and Testing phases of the software development cycle. 
Formal tests are tests performed during the Computer Program Testing phase of 
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the sof tware development cyc le .  
are recommended t o  be de f ined by appropr ia te  Space S t a t i o n  program da ta  
requirements f o r  the Software T e s t  Plan (STP) ,  Software Test D e s c r i p t i o n  
(STD), Software T e s t  Procedure (STPR) ,  and Software T e s t  Report (STR).  

Formats for  the documentation of formal t e s t s  

Recommended formats f o r  in fo rmal  t e s t  documentation are  
descr ibed i n  paragraphs 5.4.1 through 5.4.6. 

U n i t  t e s t  documentation w i l l  be kep t  i n  the SDF t h a t  serves the  
u n i t .  Module I n t e g r a t i o n  and T e s t  documentation w i l l  be kept ,  a long w i t h  the  
U n i t  Test documentation, i n  the SDF t h a t  serves t h a t  u n i t  be longing t o  the  
module which has, among a l l  u n i t s  for the module, the lowest numbered 
i d e n t i f i e r .  

5.4.1 

5 . 4 . 2  

U n i t  T e s t  P lan /Descr ip t ion  

SECTION 

I d e n t i f  i c a t i o n  
Reference 

SECTION 
Schedules and 
R e s p o n s i b i l i t i e s  

Test Cases 

Support Requirements 

Un i t  Test Procedures 

SECTION 

Iden t i f i c a t i o n  
Ob j e c t i  ve 

T e s t  Method 

Inpu ts  
ou tpu ts  
Support 

CONTENTS 

I d e n t i f i e s  the sof tware being tes ted .  
I d e n t i f i e s  the documents e s s e n t i a l  t o  
an understanding o f  the t e s t  e f f o r t .  

CONTENTS 
I d e n t i f i e s  those resoons ib le  for 
conduct ing the  t e s t s '  and the schedules 
t o  be f o l  l o i e d .  
I d e n t i f i e s  t e s t  cases 1 through X and 
prov ides,  for  each, a summary, 
ob jec t i ves ,  requirements t o  be v e r i f i e d  
by the t e s t  case, t e s t  methods, and 
acceptance c r i t e r i a .  
I d e n t i f i e s  t e s t  t o o l s  and t e s t  d r i v e r s  
requ i red .  

CONTENTS 

I d e n t i f i e s  the software being tes ted .  
I d e n t i f i e s  the o b j e c t i v e  o f  the  t e s t  
case. 
I d e n t i f i e s  the t e s t  environment and 
step-by-step t e s t  procedure. 
I d e n t i f i e s  the t e s t  i npu ts .  
I d e n t i f i e s  the expected ou tpu ts .  
I d e n t i f i e s  any requ i red  t e s t  tools or 
t e s t  d r i v e r s  for the t e s t  case. 

NOTE: 
cases i d e n t i f i e d  i n  the t e s t  cases documentation. 

T e s t  procedures w i l l  be requ i red  f o r  each o f  the  t e s t  
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5 . 4 . 3  U n i t  T e s t  Report 

SECTION 

Iden t i f i c a t  i on 
Summary 

Test Resul ts  

Probl ems 

CONTENTS 

I d e n t i f i e s  the  software being tes ted .  
Provides a summary o f  the  t e s t  r e s u l t s  
for  the t e s t  case. 
Provides ou tpu t  w i t h  annotat ions to 
i n d i c a t e  where the  o b j e c t i v e s  and 
requirements a re  met. 
I d e n t i f i e s  and prov ides  an ana lys i s  o f  
any dev ia t i ons  from the  expected 
ou tpu t .  Also inc luded  a re  
recommendations for  c o r r e c t i v e  a c t i o n  
and r e t e s t .  

NOTE: 
cases i d e n t i f i e d  i n  the t e s t  cases documentation. 

Test case r e s u l t s  w i l l  be r e q u i r e d  fo r  each of  the  t e s t  

5.4 .4  Module I n t e g r a t i o n  T e s t  Cases 

The format  and requ i red  content  w i l l  be the  same as for  u n i t  
t e s t  cases. See paragraph 5 .4 .1  above. 

5 .4 .5  Module I n t e g r a t i o n / T e s t  Procedures 

procedures. See paragraph 5.4 .2  above. 

5 . 4 . 6  Module I n t e g r a t i o n  T e s t  Resul ts  

The format  and requ i red  content  w i l l  be the  same as for  u n i t  

The format  and requ i red  content  w i l l  be the  same as for  u n i t  ' 

t e s t  r e s u l t s .  See paragraph 5 . 4 . 3  above. 

5 . 5  DESIGN AND CODING STANDARDS 

A l l  computer programs w i l l  be designed us ing  the  top-down 
approach of the Yourdon St ruc tured  Design Methodology, and will be coded i n  a 
top-down manner us ing  a Higher Order language (HOL). I n  genera l ,  a l l  new 
software w i l l  be coded i n  ADA cons is ten t  w i t h  Space S t a t i o n  program 
requirements.  

Design, coding, and commenting standards a re  l i s t e d  below. I n  
cases where a p a r t i c u l a r  standard cannot be implemented i n  the  p a r t i c u l a r  HOL, 
a convent ion s i m i l a r  i n  i n t e n t  w i l l  be used. The language p e c u l i a r  standards 
to  be app l i ed  t o  the coding o f  i n d i v i d u a l  computer programs w i l l  be s t a t e d  i n  
the SRS for the computer programs. 

Design Standards 

S t ruc tu re  Charts s h a l l  be used t o  show the h i e r a r c h i c a l  
s t r u c t u r e  o f  the design. 
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Coding Standards 

( 1 )  Each unit shall perform a single function. A s  a goal, the 
average number of executable lines per unit shall not exceed 50, with no 
single unit having more than 100 executable lines of code. 

( 2 )  All units shall be comprised of a prologue, declarative 

( 3 )  Modification of a unit's code during execution shall not be 

( 4 )  Except f o r  error exits, each routine shall have a single 

statements, and executable statements with comments, in that order. 

permi tted. 

entry point and a single exit point. 

( 5 )  Constants will not be hard-coded in the body of the code 
but will be defined and assigned a value in the declarations section. 

( 6 )  Meaningful names shall be used for constants, variables, 
functions, and other program elements so that source code listings are 
readable. 

(7 )  Each line of source code shall contain, at most, one 
executable statement. 

( 8 )  Nesting beyond five levels shall be avoided. 

(9) Mixed mode operations (Mixing Integers and Floating Point) 
shall be avoided: however, if it is necessary t o  use them, their use shall be 
documented by conspicuous comments in the source code. 

(10) Error and diagnostic messages will be presented in 'a 
uniform manner throughout the units and be sufficiently self-explanatory that 
table hook-ups are not required in order to interpret the message. 

( 1 1 )  Coding conventions will be consistent among all units. 

Commentinq Standards 

( 1 )  Paragraphing, blocking by blank lines, and indenting shall 
be used to enhance the readabi 1 i ty of the code. 

( 2 )  Comments shall be set off from the executable source code 
in  a uniform manner. 

( 3 )  The following details shall be commented in the prologue 
section of each program/module/unit: 

o Program/module/uni t creation date 
o Date of iast revision, revision number, problem report 

o Programmer name and department responsible for the unit 
o Unit's purpose and how it works 

title and number associated with the change 
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! 5 .6  

(5 )  

0 

0 

0 
0 

0 

0 
0 

The 

The PDL generated du r ing  d e t a i l e d  des ign for the  u n i t  
i n  comment form 
Funct ions,  performance requirements and ex te rna l  
i n t e r f a c e s  for  the computer program the u n i t  helps 
implement 
Other un i  t s  c a l l  ed and the c a l l  i ng sequence 
Data f i l e s  used i n c l u d i n g  the f i l e  name, usage 
( i npu t ,  ou tpu t ,  or i npu t /ou tpu t )  and summary o f  use 
Use of  g loba l  var iab les ,  l o c a l  va r iab les ,  r e g i s t e r s  
and memory loca t i ons  
Any spec ia l  processing or tasks 
Error cond i t i ons  fo r  which the  code prov ides 

leginning of executable code s h a l l  be i n d i c a t e d  by a 
comment such as "START OF PROGRAM EXECUTION". 

Comments w i l l  be g iven i n  the body o f  each r o u t i n e  to  
document each subrout ine c a l l ,  i n p u t l o u t p u t  i n s t r u c t i o n  
and f u n c t i o n a l  grouping o f  code. 

SW DEVELOPMENT TOOLS 

I t  i s  recommended t h a t ,  as a minimum, the  f o l l o w i n g  types of 
software development tools be u t i l i z e d  i n  the performance o f  the  SS MPS 
p r o j e c t :  

I 

j 
(1) V i r t u a l  memory opera t i ng  system 
( 2 )  Data Base design a i d  
( 3 )  Requirements s p e c i f i c a t i o n  language and analyzer  
(4)  Program design language 
(5) 
( 6 )  T e x t  e d i t o r  and manager 

Programming support  l i b r a r y  w i t h  CM a lds  

Most o f  the aforementioned types of tools are  a v a i l a b l e  i n  the  

I n  add i t i on ,  for  the exper t  sys tem p r o t o t y p i n g  the 
ADA Programming Support Environment developed by the Stoneman p r o j e c t  for  the 
Department o f  Defense. 
f o l l ow ing  t o o l s  are recommended: 

( 1 )  Expert  sys tem development t o o l  
( 2 )  Natura l  language development tool 

I t  i s  recommended t h a t  an in-depth technology survey be 
performed p r i o r  t o  the purchase o f  any o f f - t h e - s h e l f  A I  tools. 
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Appendix B 
COCOMO SW Set Cost Estimates 

~ 

I 
This appendix contains the COCOMO detailed cost estimate for  each SW Set. 
This output was used as the basis for the SS MPS cost estimate. 

I ’  
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A- SPECIAL OBSERVATION OPPORTUNITIES EXECUTIVES 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 

SOFTWARE PHASE 
EFFORT . SCHEDULE 

man-months months 
COST 

$ 
AVERAGE 
STAFF 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE PHASES 
=-- - 

SOFTWARE Plans & Product Integration 
ACTIVITIES Reqts Design Programming and Testing TOTAL 

Reqts Anlys 
Product Des 
Programming 
Test Plng 
V & V  
Pro j ect Off 
m / Q A  
Manuals 
=--- ---=====PPI 

TOTAL 

12 . 65 
4.31 
2.30 
1.44 
2.59 
2.88 
1.15 
1.44 

28.76 
=--I-= 

6.47 5.50 2.23 26.85 
27.18 11.00 4.46 46.95 
8.41 100.83 49.03 160.58 
4.53 12 . 83 4.46 23.26 
5.82 20.17 25.63 54.21 

7.80 27.50 5.82 11.00 
1.94 12.83 10.03 25.95 
4.53 9.17 7.80 22.93 

64.71 183.34 111.44 388.24 
Pp13PI-m-pI  =-==-=== PPP==-==== II=PI=5==3= 
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B- URDB I /F  

. 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 
EFFORT SCHEDULE 

SOFTWARE PHASE man-months months 
============-=a- PZP =--==-= a===-=== 

Plans & Requirements 32.4 6.1 

Programming 206.6 6.1 
Integration & Testing 125.6 4.8 

TOTAL 437.5 23.2 

Product Design 72.9 6.1 

IP===P==Pr==I=PPIP~P== ========== ====I====== 

SOFTWARE 
ACTIVITIES 

=====--== 
R e q t s  Anlys 
Product Des 
Programming 
Test Plng 
V & V  
Project O f f  
m/QA 
Manuals 
==-=-3pIPP 

TOTAL 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE PHASES 

Plans & 
Reqts 

===PIP- 

14.26 
4.86 
2.59 

2.92 
3.24 
1.30 
1.62 

1.62 

Product 
Design 

7.29 
30.63 
9.48 
5.10 
6.56 
6.56 
2.19 
5.10 

32.41 72.92 

Integration 
Programming and Testing 

6.20 
12.40 
113.63 
14.46 
22.73 
12.40 
14.46 
10.33 

2.51 
5.02 

55.26 
5.02 

8.79 
11.30 

28.88 

8.79 

206.61 125.58 

TOTAL 
=-======= 

30.26 
52.91 
180.96 
26.21 
61.09 
30.99 
29.25 
25.85 

-=--=== 
437.52 

. .  
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C- EDITOR EXECUTIVES 

r 

OUTPUT SECTION 2 PHASE DISTRIBUTION 

EFFORT SCHEDULE 
SOFTWARE PHASE man-months months 

PIPPIIIII=====PP=I-Ip =IIIIP==ep=== mP==-P= 

Plans & Requirements 11.2 3.9 
Product Design 25.3 .4 . 1 
Programing 75.8 4.9 
Integration t Testing 39.3 3.2 

TOTAL 151.7 16.1 
====ll======w-=m=mP =====P=pIPI: P==m=3pIpp 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE 
ACTIVITIES ------------ ----------- 

R e q t s  Anlys 
Product Des 
Programming 
T e s t  Plng 
V & V  
Project Off 
CWQA 
Manuals 

SOFTWARE PHASES - -I- =--=--=E- --P=PIm-=P-PmrpI 

Plans & Product Integration 
Reqts Design Programming and Testing 

==--==- =:P=p===m== =-=:p==9== =========== 
5.17 2.53 2.28 0.79 
1.57 10.62 4.55 1.57 

0.45 1.52 4.55 1.57 
0.90 2.02 7.58 9.83 
1.35 2.78 5.31 3.15 
0.45 0.76 5.31 3.54 
0.67 2.02 4.55 3.15 

0.67 3.03 41.71 15 73 

TOTAL 
-I-------- ----------- 

10.76 
18.31 
61.15 
8.09 

20.34 
12.58 
10.06 
10.39 

TOTAL 11.24 25.28 
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D- RE-SCHEDULER 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 

SOFTWARE 
ACTIVITIES 
p=Pna=an==II 

Reqts Anlys 
Product Des 
Programming 
Test Plng 
V L V  
Project O f f  
CWQA 
Manuals 
PI==PPII==I I  

TOTAL 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE PHASES 

Plans & 
Reqts 

PIP===I=P== 

12.20 
4.16 
2.22 
1.39 
2.50 
2.77 
1.11 
1.39 

27.73 
=t========a 

Product 
Design 

==aI=pp=p=p 

6.24 
26.20 
8.11 
4.37 
5.61 
5.61 
1.87 
4.37 

62.38 
=a========= 

Programming 

5.30 
10.61 
97.21 

19.44 
10.61 
12.37 

12 37 

8.84 

176.75 

Integration 
and Testing 
sIPIP=113=1 

2.15 
4.30 

47.27 
4.30 
24.71 
7.52 
9.67 
7.52 

107.44 
'PIIP=a===P 

TOTAL 
111==1=1111 

25.89 
45.26 
154.82 
22.42 
52.26 
26.51 
25.02 
22.11 

374.30 
====PI===== 

I 
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E-SYSTEM EXECUTIVES (PHASE I )  

OUTPUT SECTION 2 - PHASE DISTRIBUTION 
EFFORT SCHEDULE 

SOFTWARE PHASE man-months months 
PIPPPIIIPI-..PILPi m- =--=- 
Plans & Requirements 28.7 5.9 
Product Design 64.5 5.9 
Programming 182.7 5.9 
Integration & Testing 111.0 4.6 

TOTAL 386.8 22.3 
Pxl==PP===--=pIIpP== P--pP La======= 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE PHASES 

SOFTWARE Plans & Product Integration 
ACTIVITIES Reqts Design Programming and Testing 

Reqts Anlys 
Product Des 
Programming 
Test Plng 
V t V  
Project Off 
m/QA 
Manuals 

12.61 
4.30 
2.29 
1.43 
2.58 
2.87 
1.15 
1.43 

6.45 
27.08 
8.38 

5.80 
5.80 
1.93 
4.51 

4.51 

5.48 
10.96 

100.46 
12 . 79 
20.09 
10.96 
12 . 79 
9.13 

2.22 
4.44 

48.85 
4.44 

25.54 
7.77 
9.99 
7.77 

TOTAL 28.65 
~ ~- ___ 
64.47 182.66 111.03 

AVERAGE 
STAFF 

H-P== 

4.0 
10.9 
30.9 
24.2 

17.3 
-=--- - ---a=== 

TOTAL 
==--===== 

26.75 
46.78 

159.99 
23.17 
54.01 
27.40 
25.86 
22.85 

386.81 
==-===-== 
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F- SYSTEM EXECUTIVES (PHASE 11) 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 

SOFTWARE PHASE 
EFFORT SCHEDULE 

man-months months 
COST 

$ 

Plans & Requirements 
Product Design 
Programming 
Integration & Testing 

4 6 . 1  
103.7  
293 i 9  
178.7 

6 .9  
6.9 
6 .9  
5.4 

$0 
$0 
$0 
$0 

TOTAL 622.4 26.0 $0 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE 
ACTIVITIES 

--p---=---- -- --- --- 
Reqts Anlys 
Product Des 
Programming 
Test Plng 
V & V  
Project O f f  
CWQA 
Manuals ------- -.------=-== 

TOTAL 

S O F T W a  PHASES 

Plans & Product Integration 
Reqts Design Programming and Testing TOTAL =P-==-=- ~==:P===PIO =-==I=: ===---a= ======I==== 

20.29 10.37 8.82 3 .57  43.05 
6.92 43.57 17.64 7 .15  75.27 

257.45 7 8 . 6 1  3.69 13 .49  161.66 
2 . 3 1  7 .26  20.57 7.15 37.29 

41 .09  8 6 . 9 1  4.15 9.34 32.33 
4 . 6 1  9.34 17.64 12  . 5 1  44.09 

4 1 . 6 1  1.84 3 . 1 1  20.57 16 .08  
2 . 3 1  7 .26  14.70 1 2 . 5 1  36.77 

46 .11  103 74 293.93 178.66  622.43 
====----a =PPP=II¶==P s 7 - w  ==== --=-I== ===m====== 
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G-COMMAND PLANNER 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 
EFFORT SCHEDULE 

SOFTWARE PHASE man-months months 
I~=I====PP---PII PPP- a-n- 

Plans & Requirements 5.0 3.0 
Product Design 11.2 3.2 

Integration & Testing 17.5 2.4 

TOTAL 67.3 12.4 

Programming 33.7 3.8 

P=tP=P========PaP-= P-mIpIIcPI ======- 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

AVERAGE 
STAFF 

SOFTWARE PHASES - =--==--p111- 

SOFTWARE Plans & Product Integration 
ACTIVITIES Reqts Design Programming and Testing TOTAL 
I=-===- r : P  --- =-- - PP-.=p=- = m = O P I I = I  

Reqts Anlys ' 2.29 1.12 1.01 0.35 4.78 
Product Des 0.70 4.71 2.02 0.70 8.13 
Programming 0.30 1.35 18.51 6.98 27.14 

V & V  0.40 0.90 3.37 4.36 9.03 

m / Q A  0.20 0.34 2.36 1.57 4.46 
Manuals 0.30 0.90 2.02 1.40 4.61 

Test Plng 0.20 0.67 2.02 0.70 3.59 

Project O f f  0.60 1.23 2.36 1.40 5.59 
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H-NEW CONVENTIONAL TIMELINE SOFTWARE 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 
EFFORT 

SOFTWARE PHASE man-months ------ -------=3-PPP3=I 31-=-- 

Plans & Requirements 36.9 
Product Design 83.0 
Programming 235.2 
Integration & Testing 143 . 0 

TOTAL 498.1 
==========I====== -=P 

SCHEDULE 
months 

6.4 
6.4 
6.4 
5.0 

24.2 

SOFTWARE 
ACTIVITIES 

Reqts Anlys 
Product Des 
Programming 
Test Plng 
V & V  
Project Off 
CWQA 
Manuals 

==3==33=-= 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

Plans & 
Raqts 

Product 
Design 

_ _ _ _ _ ~ ~  
16.23 
5.53 
2.95 
1.84 
3.32 
3.69 
1.48 
1.84 

8.30 
34.87 
10.79 
5.81 
7.47 
7.47 
2.49 
5.81 

Integration 
Programming and Testing TOTAL --- p- -==¶am== 

7.06 2.86 34.45 
14 . 11 5.72 60 . 23 
129.36 62.91 206.01 
16.46 5.72 29.04 
25.87 32.88 69.55 
14 . 11 10.01 35.28 
16.46 12.87 33.30 
11.76 10.01 29.42 

235.20 142 . 97 498.08 
--3.=-3 --PI- P==I I IPIPIP 
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I-MODIFIED TIMELINE SW 

OUTF'UT SECTION 2 - PHASE DISTRIBUTION 
EFFORT SCHEDULE COST 

$ SOFTWARE PHASE man-months months 
===-=====-am- -- ===--E ---elP====== 

6.3 $0 
6.3 $0 Product Design 77.8 
6.3 $0 Programming 220.5 
4.9 $0 Integration & Testing 134.0 

===PI=======--=-= -P- -==-PPI IPP=PIIp.pL-=l=- 

$0 

Plans & Requirements 34.6 

TOTAL 467.0 23.7 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE PHASES 

ACTIVITIES Reqts Design Programming and Testing TOTAL 

R e q t s  Anlys 15.22 7.78 6.62 2.68 32.30 
Product Des 5.19 32.69 13.23 5.36 56.47 

58.98 193.15 Programming 2.77 10.12 121.28 
27.98 T e s t  Plng 1.73 5.45 15.44 5.36 

V & V  3.11 7.00 24.26 30.83 65.20 
Project O f f  3.46 7.00 13.23 9.38 33.08 
CWQA 1.38 2.33 15 . 44 12.06 31.22 
Manuals 1.73 5.45 11.03 9.38 27.59 
===P-=IP- I -== -=-- ==-=--== =========I= 

TOTAL 34 . 59 77. a3 220.52 134 . 04 466.98 

------* --,,,P 

SOFTWARE Plans & Product Integration 
=======PIPI= -- --PPI- -=- mI-w==P ===---I--- 
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. 

J-MODIFIED ORBIT ANALYSIS SW 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 

EFFORT SCHEDULE COST 

--= 
SOFTWARE PHASE . man-months months $ 

Plans & Requirements 9.1 3.6 $0 
Product D e s i g n  20.5 3.9 $0 

. Programming 61.6 4.6 $0 
Integration & Testing 31.9 3.0 $0 

=---==a== ---- 
=ra=======~-s~-== -=--a =--===a= =-====----=== 

TOTAL 123.1 15.0 $0 

OUTPUT SECTION 3 - ACTIVITY f PHASE DISTRIBUTION 

SOFTWARE PHASES 

SOFTWARE Plans c Product Integration 
ACTIVITIES Reqts Design Programming and Testing TOTAL 

3--a=---=- P --=a -;- -==--==a 

R e q t s  Anlys 4.20 2.05 1.85 0.64 8.73 
Product Des 1.28 8.62 3.69 1.28 14.87 
Programming 0.55 2.46 33.86 12.77 49.64 
Test Plng 0.36 1.23 3.69 1.28 6.57 
V L V  0.73 1.64 6.16 7.98 16.51 

CM/QA 0.36 0.62 4.31 2.87 8.16 
Manuals 0.55 1.64 3.69 2.55 8.44 

31.92 123.13 

Project O f f  1.09 2.26 4.31 2.55 10.21 

======a===== ======E=- a=-====== -====-=== =azap===p== =====PPPP== 
TOTAL 9.12 20.52 61.56 
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c 

K-MODIFIED DATA FLOW SW 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 
EFFORT 

SOFTWARE PHASE man-months 
PI=III=====-I--IP==a= P 

Plans & Requirements 46.3 
Product Design 104.2 
Programming 295.2 
Integration & Testing 179.4 

TOTAL 625.1 
P I I I I = = I I ~ P I P I I I P I I P p I  Wm-P 

OUTPUT SECTION 3 - A C T I V I T Y  t PHASE DISTRIBUTION 

SOFTWARE PHASES 
PI==--- --- 

SOFTWARE Plans & Product Integration 
ACTIVITIES Reqts Design Programming and Testing TOTAL 

--P = =-=E======= ==--=- D-ppIp- P 

20.37 10.42 8.86 3.59 43.24 

Programming 3.70 13.54 162.36 78 . 9s 258.56 

4.17 9.38 32.47 41.27 87.29 V C V  
Project Off 4.63 9.38 17 . 71 12.56 44.28 
W/QA 1.85 3.13 20.66 16.15 41.79 
Manuals 2.32 7.29 14.76 12.56 36.93 

TOTAL 46.31 104 . 19 295.20 179.44 625.13 

R e q t s  Anlys 
Product Des 6.95 43.76 17.71 7.18 75.59 

Test Plng 2.32 7.29 20.66 7.18 37.45 

--- ==--=---- --I- - ---- ------= -=-IppPIpp P 



L-OUTPUT PROCESSOR EXECUTIVE 

OUTPUT SECTION 2 - PHASE DISTRIBUTION 

OUTPUT SECTION 3 - ACTIVITY & PHASE DISTRIBUTION 

SOFTWARE PHASES 
=-===-=-=a..--- -=--'"I 

SOFTWARE Plans & Product Integration 
ACTIVITIES Reqts Design Programming and Testing TOTAL 

Reqts Anlys 
Product Des 
Programming 
Test Plng 
v b r v  
Project O f f  
m/QA 
Manuals 
='=I=IPI I I IP 

TOTAL 

1.71 
0.52 
0.22 
0.15 
0.30 
0.45 
0.15 
0.22 

3.72 

0.84 0.75 
3.51 1.51 
1.00 13.80 
0.50 1.51 
0.67 2.51 
0.92 1.76 
0.25 1.76 
0.67 1.51 

8.37 25.10 
-P-- ---= 

0.26 
0.52 
5.21 
0.52 
3.25 
1.04 
1.17 
1.04 

13 . 01 

3.56 
6.06 

20.24 
2.68 
6.73 
4.16 
3.33 
3.44 

50.20 
- ---======= 
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